Cellular toxicity induced by different pH levels on the R3230AC rat mammary tumour cell line. An in vitro model for investigation of the tumour destructive properties of electrochemical treatment of tumours.
The aim of this study was to evaluate the cellular toxicity of different pH levels on the R3230AC mammary tumour cell line (clone-D) in vitro and to determine in what way the pH affects the tumour cells. The results could be used to interpret the cell damaging effects seen in electrochemical treatment of tumours (EChT), where pH alteration in tissue is the major event. Tumour cells were treated with pH 3.5, 5, 7, 9, 10 and 11 for 10, 20 or 30 min, respectively, followed by studies with the viability assay 3-(4,5-dimethylthiazol-2-yl)-2,5,-diphenyl tetrazolium bromide (methyltetrazolium (MTT)), morphological observation in phase contrast microscope (PCM) and light microscope, nucleotide analogue incorporation (BrdU; 5-Brdmo-2'-deoxyuridine), Caspase-3 activity measurement and detection of DNA fragmentation by an agarose gel electrophoresis. In the viability assay, it was found that different pH levels had cytotoxic effects; these effects were dependent on the pH value and on the time of exposure at a given pH. Morphologically, cells in pH 3.5 and 5 had shrunk, were rounded and had condensed chromatin, whereas prominent cell swelling and nuclear expansion were seen in the pH 9- and 10-treated cells. Gross cytolysis was found in pH 11. A BrdU incorporation assay indicated that proliferation rate is inhibited markedly both with decreasing and increasing pH. Significant Caspase-3 activity was found in pH 3.5 and 5 groups. Caspase-3 levels for the alkaline exposure were equal or below the normal control. DNA ladder formation, a characteristic of apoptosis, was only visualised in the treatment of pH 3.5 for 30 min. pH changes inhibit cell proliferation and decrease cell viability. The pathway of killing tumour cell in low pH probably has at least two directions: apoptosis and cell necrosis, whereas high pH results in only cell necrosis. The study suggests that low pH environment can induce apoptosis in unphysiological condition comparable with tissue pH at EChT. In addition, it seems that R3230AC mammary tumour cells are more tolerant to high pH than to acidic changes. This supports the theory that anodic EChT should be more efficient than cathodic.